The initial carrier density after pulsed excitation was estimated using the absorption of the films , the FWHM of the Gaussian beam as diameter , the laser power , the laser repetition rate , the photon energy ph = ħ and the film thickness = 200 nm. We estimate it to be 0 =
• 1 ( 2 ⁄ ) 2 •(1)
Supplementary Note 2: Escape probability for a planar film
The probability for a photon to be transmitted through an interface between two media with refractive indices 1 and 2 can be estimated as 
where esc is the escape solid angle and T is the transmittance 1 . By considering both interfaces perovskite-glass and perovskite-air with refractive indices of 1, 1.5 and 2.7 for air, glass and iodide perovskite respectively, we estimate the transmission probability to be 7.0%
for the perovskite-glass interface and 2.7% for the perovskite-air interface. Similar results are obtained by using the expression 
Our films had an optical density of ca. 0.05 at the PL emission wavelength. Before reaching an interface, photons will on average have travelled through an optical density of 0.025. If photons are emitted towards the perovskite-glass interface, they will be outcoupled with a probability of 7%. If photons are emitted towards the perovskite-air interface, they will be outcoupled at that interface with 2.7% probability and after reflection at the perovskite-glass interface with (7%-2.7%) probability in the case their emission angle lies in between the critical angles of the two interfaces. We therefore estimate the total escape probability for iodide and iodide-chloride perovskite to be
Here, we assume that photons entering the glass will not get back into the perovskite film but have escaped. This is not fully accurate as a certain fraction of these photons will re-enter the perovskite film. However, since the glass is 200μm thick, they will travel long distances in the glass substrate and might re-enter the perovskite film outside the illumination spot. We are therefore slightly overestimating the escape probability here and thus underestimating the calculated internal PLQE in the main paper. The internal PLQE in the main paper is therefore a conservative estimate. For bromide perovskite, the refractive index is 2.4 at the bandedge 3 giving transmission probabilities of 9.2% for the perovskite-glass interface and 3.6% for the perovskite-air interface. With an optical density of 0.6, this gives an escape probability of esc = 15.9%. 
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